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0 Ink supply in an ink jet printing apparatus. 

@ An ink absorbing member (11) is inserted in an 
ink tank housing (12) which at least partly has a 
transparent portion. Used as this ink absorbing 
member (11) is one having a reflection density after 
ink removal which is close to the reflection density of 
a melamine foam before ink injection. The amount of 



ink remaining in a cartridge of such a construction 
can be detected, for example, by a separate line 
sensor (101). The results of detection by the line 
sensor (101) can be displayed by a remaining ink 
amount indicator (52) provided on a control panel 
(51) of the printing apparatus. 
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The present invention relates to an ink tank, an 
ink tank-integrated head cartridge constructed of 
the ink tank and an ink head integrated with the ink 
tank, and an ink jet printing apparatus having the 
ink tank or the head cartridge, and more particu- 
larly, to an improved construction with an absorb- 
ing member for holding ink provided in the ink 
tank. Here, printing refers to processes involving 
the imparting of ink to any of ink supports to be 
inked, such as cloth, yarn or sheet materials. The 
present invention can be used for all information 
processing devices, or instruments including print- 
ers as their output devices. 

Of print heads of the ink jet type, a print head 
is known to have beating elements and eject a 
printing liquid such as ink (hereinafter referred to 
as ink) by utilizing thermal energy generated by 
the heating elements. In the print head, the heating 
elements or ink orifices can be miniaturized. Thus, 
the use of a print head of this type permits the 
printing of highly accurate images. This type of 
ejection also enables relatively high speed and low 
noise printing. 

In addition to the above-described advantages, 
this type of print head can be produced by the 
same film forming step as for a semiconductor 
device, so that its price can be rendered relatively 
low. Hence, a proposal has been made of a head 
cartridge constructed of such a print head and an 
ink tank integrated with the print head and being 
attachable to and detachable from the apparatus. 
With such a construction, it becomes possible to 
replace the ink tank together with the print head by 
a new head cartridge when the ink in the ink tank 
has been used up. 

In such a head cartridge, fresh ink in an 
amount corresponding to the amount of ink con- 
sumed by the print head needs to be fed to the 
print head through a feed port from a liquid reser- 
voir serving as an ink tank for holding ink. Further- 
more, when ink need not be fed because no print- 
ing is done, ink is required not to leak from the 
feed port to the outside of the reservoir. 

Such a requirement is important for the above 
reservoir used in the ink jet system of the kind 
performing printing by ejecting ink from the print 
head, particularly in consideration of the possible 
influence of the feed amount of ink on image 
quality. As ink tanks fulfilling that requirement, the 
forms described below have been heretofore 
known. 

Fig. 1 is a sectional view illustrating the internal 
structure of an ink tank in a head cartridge for use 
in a conventional ink jet printing apparatus. In Fig. 
1, the reference numeral 311 denotes a cartridge 
body. The cartridge body 31 1 has in its inside an 
ink tank, which houses almost throughout it an 
absorbing member 312 for holding ink. In a side 
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wall of the cartridge body 311 is provided an ink 
supply port 313 for making the inside of the ink 
tank communicating with a print head (not shown). 
In another side wall of the cartridge body 311 is 

5 formed an air communicating port which enables 
communication between the inside Of the cartridge 
body 311 and the atmosphere. In Fig. 1, the sym- 
bol a represents that portion of the absorbing 
member 312 which holds ink, and the symbol b 

io represents that portion of the absorbing member 
312 which does not hold ink. 

With the cartridge of the above construction, 
negative pressure within the ink reservoir is con- 
trolled by the capillary force of the absorbing mem- 

75 ber 312, and thus causes no ink leakage to the 
outside. 

The use, say, of a urethane foam as a constitu- 
ent of the absorbing member 312, however, poses 
the following two problems, making it practically 
20 impossible to detect the amount of ink remaining in 
the cartridge with the naked eye or by an optical 
means: 

First, the change in the reflection density of the 
absorbing member 312 depending on the presence 

25 or absence of ink in the absorbing member is 
small, thus making the boundary between the por- 
tion a and the portion b in Fig. 1 not clearly visible. 

Secondly, the long-term storage of the car- 
tridge results in the yellowing of the absorbing 

30 member 312 itself, causing a marked change in its 
reflection density. In the case of yellow ink, in 
particular, the difference between the density be- 
fore and after consumption of ink is 0.1, making it 
virtually impossible to optically detect the amount 

35 of ink that has remained. 

A known example of a remaining ink amount 
detection means in an ink tank using such an 
absorbing member is that of the construction de- 
scribed in U.S Patent No. 5,079,570. 

40 Figs. 2A and 2B are sectional views showing 

the construction of a head cartridge having a re- 
maining ink amount detection means disclosed in 
this patent. Fig. 2A shows the absorbing member 
filled up with ink, and Fig. 2B shows the consump- 

45 tion of ink proceeding. In Figs. 2A and 2B, the 
numeral 210 denotes a head cartridge using an 
absorbing member. The cartridge 210 is composed 
of a housing 212, an absorbing ink reservoir 214 
for storing a large amount of ink therein, a C-letter 

so shaped transparent tube 220 for detection of an ink 
level, and a print head 216. The C-letter shaped 
transparent tube 220 is composed of a transparent 
central tubular portion 220a which is disposed so 
as to extend in a vertical direction (gravitational 

55 direction) when the head cartridge 210 is placed in 
the same posture as during use and which in- 
dicates the position of the ink level to the outside; 
and an upper tubular portion 220b and a lower 
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tubular portion 220c which are connected to the 

ink ,o t ? h T al tUbU,ar POrton 2203 ™ PP 
ink to the tubular portion 220a 

In the cartridge of the above construction how- 
ever, when the level of ink held in the absorZ, 
= ber within the housing 212 lowers^ j£X 
upper ubular portion 220b as shown in Fig 28 as 

the C t , ' nCreaSin9 C0nsu -P«on of ink, ink wffhtn 
he central tubular portion 220a and the lower tZ 
tar pojon 220c is absorbed to the absorbing ™t 
ber s.de under the capil.ary action of the absoTbTg 

sha^d t C ° nSequent '*' a » *. ink in the C-S 
shaped transparent tube 220 is exhausted. indS 
ng no ,nk remaining. That is. the C-lette shSf 

17TT ,Ube 220 indicates exhale 
though there is a considerable amount of Thetd 
a <* the absorbing member. 

reouS f rt f rid9e f of the a ^ve construction also 
requ,res a step of attaching the C-letter shaoeS 

^-^^Otothehousfng^^rr 

ink h F .IH her r re ' " th6re fS 3 member <°r supplying 
mk held , n the absorbing member to the print head 
216 upon contact with the absorbing member 2 * 
Port near the ink outlet inside the Z2£ 

th h e posi,ion of the 

this contact may bnng about the deterioration o 
there and exerting adverse influences from the 

bet "en I L*- m — ■ 

oetvveen the air communicating port 217 and fh» 

the ,nk .o"fce of the print head thereby lower no 

Z?ZT* °' f ' 0W throuah ,he » su P p° y pT s 9 
sage lead.ng to the ink orifice. In this cas^L I 

r^r the ^^r: 

Z^TJ eakage from the air com «9 

7 lines^r^ 0 - 4 ' 929 ' 969 describes * column 
' mes 52 57 that compression may be desire ;„ 

sr a r* s to adjust -^ss- 

spaces, while ma.ntaining the useful or preferred 

characteristics in an incompressed state 

Such a description may be made with oarticu 

ar _ emphasis on a good balance betwee he S 
na d,mens,ons of the storage space and the ext . 
nal d.mens.ons of the absorbing member The 



present inventors have found, however that th» 

pressed state is recommendable to perform Z 
supply sm oo,h,y and re.iab.y wi.hou re y ng 7 n he 
5 P H ° S,ure or ^ like of the ink tank, while utilizing h ! 
advantage of the absorbing member com o sed 0 f 

in tnrcomn I"' ^ " ,at ' 9ue " or ^truction 

sir state ' »*» - a ^-desc;:d 

20 solved ° ° f ,he Pr6Sent inve "tion is to re- 

T^TZ^T 1 *™' and to provida ■« 

« The object of the present invention is to oro 
J* an ,nk tank Eluding a housing at leas pal 
hav.no a transparent portion, and an ink a IS 
mem ber accommodated in the houlg the' 9 
absorbing member being such that a difference 
30 between ( ts reflection density before ink ?Z 

° ' or more « terms of absorbance (O D ) 
Here, the ink absorbing member may be a 
porous material having a three-dimensional nettork 
d nsate 0 ° f 3 therm ° Sett, ' n9 f0am based 

Sdehvde ^r°" COntainin9 C ° mp0und "» 
maT hP 2 r?' / amin °-containi n g compound 
may be at least one compound selected from th! 

dffference between its reflection density beto e ink 
consumption and its reflection density a fT ink 
fO dT P Z' S °- 1 ° r m ° re in ,e ™ s ° f absorbance 



iSDOClD: <EP__0624476A2J. > 



4 



5 



EP 0 624 476 A2 



6 



Here, the ink tank and the ink head may be 
separable from each other. 

The ink head may have an electro-thermal con- 
verter, which generates thermal energy for causing 
film boiling to ink, as an element for generating 
energy for use in ejecting ink. 

Further another object of the present invention 
is to provide an ink jet printing apparatus including: 
an ink tank including a housing at least partly 
having a transparent portion, and an ink absorbing 
member accommodated in the housing, the ink 
absorbing member being such that a difference 
between its reflection density before ink consump- 
tion and its reflection density after ink consumption 
is 0.1, or more in terms of absorbance (O.D.), 
remaining ink amount detection means for detect- 
ing the amount of ink remaining within the ink 
absorbing member through the transparent portion 
of the housing of the ink tank, and means of 
presenting information corresponding to data on 
the amount of remaining ink provided by the re- 
maining ink amount detection means. 

Another object of the present invention is to 
provide an ink jet printing apparatus including: a 
head cartridge constructed of an ink tank and an 
ink head integrated with the ink tank and being 
attachable to and detachable from the ink jet print- 
ing apparatus, the ink tank including a housing at 
least partly having a transparent portion, and an ink 
absorbing member accommodated in the housing, 
the ink absorbing member being such that a dif- 
ference between its reflection density before ink 
consumption and its reflection density after ink 
consumption is 0.1 or more in terms of absorbance 
(O.D.), and the ink head being adapted to eject ink 
to a printing medium; remaining ink amount detec- 
tion means for detecting the amount of ink remain- 
ing within the ink absorbing member through the 
transparent portion of the housing of the ink tank; 
and means of presenting information corresponding 
to data on the amount of remaining ink provided by 
the remaining ink amount detection means. 

Here, the remaining ink amount detection 
means may be optical means for measuring the 
absorbance of ink. 

Also, the transparent portion of the ink tank 
may be formed along a direction which becomes 
the direction of gravity during the use of the ink 
tank, and the optical remaining ink detection means 
is a line sensor which detects the amount of re- 
maining ink through all of the transparent portion of 
the ink tank. 

The optical remaining ink detection means may 
be a spot sensor which detects the amount of 
remaining ink through part of the transparent por- 
tion of the ink tank. 

At least part of an ink supply portion extending 
from the ink tank to the ink head may be formed to 
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be transparent, and the optical remaining ink detec- 
tion means is a spot sensor which detects the 
amount of remaining ink through the transparent 
portion of the ink supply portion. 

5 The optical remaining ink detection means may 

detect the amount of remaining ink over time, and 
the information presentation means displays the 
amount of remaining ink in response to data on the 
amount of remaining ink detected over time by the 

io optical remaining ink detection means. 

The information presentation means may dis- 
play the exhaustion of ink in response to data on 
the amount of remaining ink detected by the optical 
remaining ink detection means. 

75 The optical remaining ink detection means may 

be equipped with a color filter corresponding to the 
color of ink within the ink tank. 

Another object of the present invention is to 
provide an ink jet printing apparatus including an 

20 absorbing member holding ink, means for optically 
detecting over time the amount of ink remaining in 
the absorbing member, and means for varying the 
ink ejection conditions in response to changes in 
the characteristics of the ink absorbing member 

25 caused in accordance with data on the amount of 
remaining ink detected over time by the optical 
remaining ink detection means. 

Here, the ejection conditions may be the head 
driving conditions such as voltage or pulse dura- 

30 tion. The ejection conditions may use an insulating 
heater. The ejection conditions may be varied by 
inclining the ink tank. 

The above and other objects, effects, features 
and advantages of the present invention will be- 

35 come more apparent form the following description 
of embodiments thereof taken in conjunction with 
the accompanying drawings. 

Fig: 1 is a schematic sectional view showing the 
internal structure of an ink tank of a head car- 

40 tridge used in a conventional ink jet printing 
apparatus; 

Figs. 2A and 2B are each a schematic sectional 
view showing the internal structure of a head 
cartridge having a conventional remaining ink 

45 amount detection means, in which Fig. 2A illus- 
trates the state of ink filled into the entire ab- 
sorbing member within the ink tank of the head 
cartridge, while Fig. 2B illustrates the state of ink 
being consumed increasingly; 

so Fig. 3 is an exploded perspective view showing 
an embodiment of a head cartridge according to 
the present invention; 

Figs. 4A, 4B, 4C and 4D show an embodiment 
of the head cartridge according to the present 
55 invention, in which Fig. 4A is a schematic sec- 
tional view showing the internal structure of the 
head cartridge with ink consumption relatively 
not yet proceeding, Fig. 4B is a graph illustrat- 

5 
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' n 9 the results of detPrti rt „ ^ ^ 
remaining in the s 2?2 6 am ° Unt of ir * 

results of detect of L 9r3Ph i,,UStratin 9 the 

^int hes ta t e Sh rn f r R rr ofinkremain - 

apparatus according to the o J Pr ' ntin9 
incorporating the head It ' inVention 

R9S. 4A ,hr 0U gh 4D Cartnd98 depicted "> 

present invention- artndQe of 'he 

drawings. " wtn reference to the 



(Embodiment 1) 

Present invention w ra D a r h 9e H aCC ° rdin9 ,0 ,he 
^b e ingi nasep :l a ^ h -dchip an danin k 

As shown in Fin ^ a 
Prises an ink tank 000 L C ** d ° e UC com - 
which are attachable ! * T* head chi P JHC. 
other. hab ' e to and detachable from each 

**<>*>» 

stored ink ,o a ££ hef 6 f ° r SUpp '* n ° «"e 
wi" be describi IS 3d 9 as 
comprises a print hE'lX T head Mp JHC 
pri nt head u£ * * ^ SUbstrate "10. 
electro-therma. convl'V ,0rmin 9 a " 

substrate 1310 and tern!, 7 t,p port,on of 'he 

Passage, and so on. Flo !t ' 3 " qu,d 
covering the print head -J ! S 3 COver for 
toe electro-thermal col? ' d ° 6S no( sn °" 
etc In an area ^1 subs tr? t0p p,ate - 

area where the o rim S T ' 31 ° 0,her tnan the 
e'ectrode wSng nd ZZ ^ « f ° rmed a " 
e<ec«ro,herma,rvX e :m C r "** ,he 



and from eaC h other L lnk tank ,00 ° to 

them together wifi for hiding 

"Tne print head chi D Mr k 
shown) provided on the back S f h °' eS (no « 
131 ° «" Fi 9 . 3 for fitting thymol *" SUbS,rate 
and an ink supply tube 10f 5e tl ^ 1000A 
a side surface of the ink I L "* Pr0vided °" 
10 *• hole for fitting th e i k °' ,heSe ho ^ 

needtess to JJ*. ho ^ ' Ube int ° * 
common liquid chamber o, he £5 J* 3 
o structure, the print 5 22^^ 
mount.ng on the ink tank 1000 ! ' Wng its 
' s being brought to a ore! m ° Unted wh te 

Print head chip HC tZ T™"*? P ° Sition - ™e 
^0 is held in'piace by" " - «* tank 

a Part of the head cartS, !j ? °° ' ; 0nStitUtinQ 
closure 1200 has on an * That is > th e 
^ members 12O 0D, which ar^T ^ n,Vl 9e 

-spending hinge ^ ^ "*° COr " 

"* tank 1000, wherebv th! f Pr ° V ' ded on ,h e 
« °n the ink tank ^oV a^ 1200 " m ° Un " 
dosable with that portion n f ° Penab,e and 
25 -s. The closure SSZ£ SST^ 35 
near to the other end 1*1 1 , pins 12 ° n E 

««ed into two ho e S 1300? pins « 

°t the print headt acco^n ^ 0n ,he COVer 
mentioned closing actionT* 6 the abov e- 
* attendant on £ SSL, a^ ' 2 °°- A,so 

^OOC provided ont; 9 sid? D : rt SnaP 
^re 1200 (only one of the snao ° T * C '°- 
in F i9. 3) are engaged tinh« P ? mberS is snown 
elasticity, with corresponll"' ° f thei 'r 

- r idedontha 'nk;S^ ambers 
ch<P JHC fixed to the in?? \ the pnnt nead 
closure 1200 is fixed to h T 1000 ' and the 
same time. me ,nk ten k 1000 at the 

<° section^' view o^tne fnk^ a ?.! 3Ch 3 SCnema «c 
s hown in Rg. 3 F^^ is f ,h8 he3d cartr idge 
the inside of the heai ' rt f^' 0 " 3 ' view s ^vving 
«on relatively no -k consump 9 
9raph illusttaVthfresr^ ^ 48 is a 
- amount o, ink reLinin n e 1^°" °' 

Fig. 4C is a sectional \Z S? ° Wn Fi °" 
of the head cartridge wih in k , 9 ^ ' nSide 
oeeding f rom , ne J, s ^ h ' «^ pro- 

a graph illustrating the resul " ^ A ' F ' 9 ' 40 is 

apparatus according , 0 , h l ,nk J6t P ri nting 
w mounting the had canridL PreSem invention 
-i'h ih. head chi SSSS^St ,he ink ^nk 

^e construction of!h e in ?Lt ? r ° U9h 4D ' 
o a riridgewi,, bedescr , e /- r ^ 
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4A through 4C. An ink tank 1000 of the head 
carnage UC is generally composed of an ink ab- 
seils »<j member 11 and an ink tank housing 
(rieremuMei referred lo as the housing) 12 accom- 
iiMJdiinj the ink absorbing member 11. An air 
communicating port, which is not shown in the 

10 io*mg drawings, is arranged at the housing 12. 
The material constituting the ink absorbing member 

1 1 m this embodiment is a melamine foam, for 
c*arrple. BASOTECT® manufactured by BASF Ak- 
ticngoGcilschaft, Federal Republic of Germany. The 
mk abcorbng member 11 made of the melamine 
loam hac excellent ink discharge characteristics, 
aril its '<jllt>ction density after ink removal is close 
to ttv» collection density of the melamine foam 
bvitrfe injection. The housing 12 in the instant 
ont«-iim«.nt js formed entirely of a transparent 
mate-ial so tnat the characteristics, such as ink 
discharge characteristics, of the ink absorbing 
m..'mU'f 1 1 can be utilized and the amount of 
remaining tnh ran be observed or detected from 
th»; rutMit* At a lower wall portion of the housing 

12 is p* *>vn1ed an ink supply portion 13 for feeding 
ink to ire print head 1300. The housing 12 and the 
prmt head 1300 are integrated, say, detachably via 
the mk supply portion 13, thereby constructing an 
embodiment of the integral head cartridge accord- 
ing to the present invention. In the instant embodi- 
ment, biact ink containing 3.0% of a dye is used 
as mk 1 4 

The detection of the amount of ink remaining in 
the cartridge of the above-described construction 
can be performed, for example, by means of a 
separate line sensor 101. The line sensor 101 as a 
remaining ink amount detection means is disposed 
in the vicinity of the housing 12, and detects the 
amount of ink remaining in the housing 12 by 
measuring the reflection density of the absorbing 
member a: the position of each of a plurality of 
individual sensors. The results of detection by the 
line sensor 101 can be displayed, for example, by 
a remaining ink amount indicator 52 provided on a 
control panel 51 of the printing apparatus shown in 
Fig. 5. That is, mk is filled into the ink tank pro- 
vided with the ink absorbing member 11, and ink 
drops are ejected from the print head 1300 via the 
ink supply port 13 located at a lower portion of the 
ink tank. Ink is thus consumed successively. Si- 
multaneously, a constant voltage is applied to the 
line sensor 101 fixed 5 mm apart from the tank 
housing 12 parallelly to the direction of gravity, 
whereby an output of the intensity of reflected light 
from the absorbing member is obtained as a cur- 
rent volume. This output is passed through an A-D 
converter circuit (not shown), and LED displayed 
by the remaining ink amount indicator 52 on the 
control panel 51 shown in Fig. 5. 



As depicted in Figs. 4B and 40, the amount of 
ink remaining in the ink tank can also be accurately 
determined by measuring the reflection density of 
the absorbing member. Specifically, the intensity of 

5 reflected light increases sequentially, beginning at 
that element in the line sensor 101 which is op- 
posite to the b portion where ink has been re- 
moved. This intensity can be expressed concretely 
as a reflection density as determined by the Mac- 

w beth reflection densitometer RD-918. The reflection 
density of the ink absorbing member full of ink (a 
portion) is found to be 1.7±0.1, while the reflection 
density of the ink absorbing member after con- 
sumption of ink comes to be 0.9±0.1. This means 

75 that if the reflection density in the range of from 1.0 
to 1 .6 is set to be the threshold, the amount of ink 
present in the ink tank can be always detected. 
This is because the melamine foam used in the 
instant embodiment has excellent ink discharge 

20 characteristics, and its reflection density after ink 
removal is close to the reflection density of the 
melamine foam before ink injection. Such measure- 
ments performed over time can give knowledge of 
the consumption of ink at the time of measurement. 

25 The remaining ink amount indicator 52 gives 

displays of the amount of remaining ink on a scale 
of 4 grades, but can show the amount in more 
grades without being restricted to the 4-grade 
scale. 

30 As a control, the reflection density of a 

urethane foam that has been heretofore used was 
measured. The reflection density of the a portion of 
the ink absorbing member 312 filled up with ink 
was 1.7±0.1, while that of the b portion of the ink 

35 absorbing member 312 after ink consumption was 
1.6±0.1, indicating a change in reflection density of 
about 0.1. However, there were variations in this 
change, and some urethane foams underwent little 
change. Thus, urethane foam can be found un- 

40 usable in the present invention. 

In addition, melamine foams even when stored 
for long periods deteriorated minimally, and 
showed little change in reflection density due to 
yellowing. 

45 Consequently, in the present invention, even if 

ink was consumed for a long period of time, the 
amount of ink was detectable faithfully from the 
time when the housing was filled up with ink until 
the time when ink was used up while keeping the 

50 threshold of the line sensor 101 set at the initial 
value. 

In the meantime, it was observed that the ink 
discharge characteristics of the melamine foam 
vary in response to the amount of remaining ink 
55 detected by the above-described method. For ex- 
ample, the melamine foam is more highly hydro- 
philic than urethane foam which has been conven- 
tionally used, and has a high ink retaining force so 
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™e increase of nega ve n °' rem3inin 9 **■ 
Wed as a condTon 7 ^ Cannot be <«■- 
Prfnt The abov ° cc h r?K 9 3 hiQh ^ 
as a signify, whenT f" ' BC08nh *' 

was used. The problem had nT ! Ureth3ne foam 
cognized before > thtll 1, ^ SPeCifica "* 
foa m °' the present 111 US ' n9 me,a ™>™ 
» «- fneX ' p n ~ n 7 ■ <" order 
opting the conditions J^lc '* to 
Print head by usjn g Tilt ' e ' eCtion from 'he 
- - ^ingconro^c 

use of an insulating heal ! h Pmt head ' ,h e 
n*ad pressure of thel k In k ° Ptimi23,i ° n 0f *• 

way of specific examples * " detail b V 

accordance with highly ™Z 6 t T ^ in 
raining ink aJJ^Tn l 9 * 
Present embodiment '"formation of the 

a -oun»ofremainTng n^r^'^ 38 ,he 
sure on the ink absorbing mlmh ' Pres " 
Consequently, if driving pulses o^ af , ' nCreaSeS - 
constantly applied the £ ?1 ! f ' Xed sha P e are 
creases, causing p in,!. '"J ™ ' ° f e ' ection *■ 

^s kept constant bv surr 1 7° um 0f ejec «°n 
«*»• of a driving pulsrin ^r 1 " '^^a ■» 
of remaining ir £ ^ "J 0 " 80 to the amount 

enables the amount of rem: PreSent inventi °n 
a ^ an an a(og pa °C r „ ' TtT° "* t0 be **** 
c an be always conditions 
^ be stably providTd ' h ' 9h qua,i * P** 

-Xt;r n rK r ho ; - 

can be used increase, ! "* amount which 
reason. 63565 re markably for the following 

foamlsXhthydSr ^ the me,a ^ 
fining foL^ZTJl T *? 3 hi 9 h •* 
mat it is possible to s5 an n " advama 9 e ous in 
to initially «„ UD '° S6 ' an "leased amount of ink 

-ethane foam w'hi h is con? " ■* 
meantime, it is .Zle TlT^ ,he 
Ureases with ink con™ ne93tiVe pressure 
and under such con! tin? 35 ** forth ear,i er, 
wi« occur before the Tn 1 " "* ejeCtion 
P^lem, ,he aboJeiln- - ' ^ * "« 
are set to thereby mainS ? V ' n9 COnditions 

ink is used up Z ?! t,0n * "* 
mentioned defect The™ overc °ming the above- 
b «° to improTemIIr s T,r nVen,i0nCanco "'ri- 
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^ remaining ink can be etTn P * * 3n amo ™ 
'Cowing steps accorda nce with the 

-'ved with ^KSCJ " ** d -c«y in- 
P"'se (a main pulse, for S2io n 3 driWnQ 

s "ch shape of the driving ou ' T ^"'^ When 
w and 2) stated below" e 9 SL" T* ^ '> 
successively lengthening a ? u l ^J"^ ° f 

successively; and th ° f a P re -P"'se 

**0 at the «me P iSion J"*** 3 " d 
begins; and to lengtheS no h ° 1 P "' Se 
terval successively 9 6 3b ° Ve P"'^ h- 

^eps are more iBST^*?* 3b ° Ve - S "Ch 
pulse width. 3 " ,ne cha nge of a main 

* -th tXo XTr n iCh ^ b - -ven 
d'tions a/so apply T, ^ ^ ejeCtin 9 con " 
Present inventton Con ^ embod 'ments of the 
P'anations wi„ Z omTZ *' ** ^ - 
embodiments Wth respect »o another 

30 

Embodiment 2) 

embSme 6 nt'of a the1nk 0 Zl Vi f W 5h ° Wino ano *er 
* Present inven 8on Cemb od J" 0f 
construction as tha of K W ta 0f tne sa me 
*• «ne, sensor o • f^ 6 "' »• except that 
'02. and that the L^l by 3 S P°' sensor 

-* -PPod po^aT/S: Z ' S fiXed near a " 
- rnm apart from - the tank 5 

An inexpensive printing ann a , 8,09 12 ' 
m ay have a constrSn i n PP K r3,US ' in Particular, 
expensive spot senl ^ the abov e h- 

45 f »cker. m , his case If 2?™ * m ^ ^ 
b efore the exhaust^, ^ 
can be detected faithfully. mk exha ustion 
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sion type in which light is emitted by an LED 110 
and the intensity of transmitted light is detected by 
a light receiving element 120 to give outputs. 

In the present embodiment as well, as ink is 
consumed, the amount of ink is detectable faithfully 
from the filling-up of the tank until the exhaustion of 
ink, as in Embodiment 1. 

In each of the foregoing embodiments, a 
melamine foam was used as ink absorbing mem- 
ber 11. However, porous materials having a three- 
dimensional network and being thermosetting 
foams based on condensates of amino-containing 
compounds with formaldehyde, including melamine 
foams, can be used preferably. Examples of the 
amino-containing compounds are at least one com- 
pound selected from the group consisting of 
melamine, urea, carboxylic acid amides, dicyan- 
diamide, guanidine, sulfuryl amide, sulfonic acid 
amides, aliphatic amines, and derivatives thereof. 
Porous ceramic materials or metal fibers combined 
are also u?able as the ink absorbing member 11. 

In each of the embodiments, tank housing 12 
made of a transparent polyethylene material was 
used, but the invention is in no way limited thereto. 
There may be used transparent resins such as 
polypropylene or polycarbonate, or various other 
materials with a high transparency, such as glass. 
It goes without saying that there is no need to 
impart transparency to the whole of the tank hous- 
ing 12 as in each of the embodiments. There may 
be used a construction having at least part of it, 
say, only a side wall thereof, formed to be trans- 
parent, or a construction having the wall portion 
provided with an elongated, narrow, transparent 
window extending from a portion apart from the ink 
supply port 13 toward a portion near to the ink 
supply port 13. Moreover, a part of the ink supply 
port 13 may be made transparent so that the 
amount of remaining ink inside the ink supply port 
13 can be detected. 

In each of the above embodiments, black ink 
containing 3.0% of a dye was used as ink 14. 
However, the dye content need not be restricted to 
3.0%, and an ink of any solvent formulation can be 
used unless it contains a binder for firmly binding 
the dye to be used to the ink absorbing member 
11. 

Besides, the color of the ink was black in the 
respective embodiments, but inks of various colors 
can of course be used. In this case, it is only 
natural that a remaining ink amount detection char- 
acteristic comparable to that of the black ink can 
be used by attaching a color filter for the color of 
the ink to the sensor portion. 

The print head in each of the embodiments is 
preferably one having an electro-thermal converter 
which generates thermal energy for causing film 
boiling to ink as an element for generating energy 
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for use in ejecting ink. 

Fig. 8 is a block diagram showing an embodi- 
ment of an ink jet printing apparatus according to 
the present invention. Detection of the amount of 

5 remaining ink, its display, and display control in the 
printing apparatus will be described with reference 
to Fig. 8. In this drawing, the reference numeral 1 
denotes a keyboard; 1000, an MPU; 1001, ,a ROM; 
1002, a RAM; 1003, a timer; and 1004, an inter- 

10 face. The numeral 9 denotes a head cartridge, 9A a 
head driver, 31 a carriage motor, 35 a conveyor 
motor, 61 a recovery system motor, 31 A, 35A and 
61 A are each a motor driver, 65 a recovery system 
home sensor, and 67 a carriage home sensor. The 

75 numeral 53 denotes a remaining amount display 
controller. The MPU 1000 detects the level of ink 
within the ink tank based on a detection signal 
corresponding to that reflection density beyond the 
predetermined threshold which has been detected 

20 by the line sensor 101. Then, the MPU 1000 dis- 
plays the amount of remaining ink on a remaining 
ink amount indicator 52 via the remaining amount 
display controller 53. 

Fig. 9 is a schematic view of an ink jet printing 

25 apparatus IJPA to which the present invention is 
applied. A carriage HC has a pin (not shown) which 
engages with a spiral groove 5004 of a lead screw 
5005 rotating via driving force transmission gears 
5011, 5009 in association with the normal or re- 

30 verse rotation of a driving motor 5013, and makes 
a reciprocating movement in the direction of arrow 
a or b attendant on the rotation of the lead screw. 
To the carriage HC is mounted a head cartridge 
UC. Illustrations of the constructions for this mount- 

35 ing and for electrical signal connection between the 
print head and the apparatus are omitted in Fig. 9. 
Details of such constructions are disclosed, for 
example, in Japanese Patent Application Laying- 
open No. 3-104677 belonging to the present ap- 

40 plicant. The numeral 5002 denotes a press plate 
for a paper, a film for OHP, or any other printing 
medium (hereinafter referred to as paper). This 
plate 5002 presses a paper against a platen 5000 
over the range of movement of the carriage. The 

45 numerals 5007, 5008 denote photocouplers which 
serve as home position detection means for con- 
firming the presence of a carriage, lever 5006 in 
this area and performing switchover of the direction 
of rotation of the motor 5013. The numeral 5016 

50 denotes a member for supporting a cap member 
5022 which covers the front face of the print head. 
The numeral 5015 is a suction means for sucking 
the inside of this cap, and carries out suction 
recovery of the print head via a cap opening 5023. 

55 The numeral 5017 is a cleaning blade, and the 
numeral 5019 is a member for making this blade 
movable back and forth. The blade 5017 and the 
member 5019 are supported by a body support 

9 



15 



EP 0 624 476 A2 



~ ' " thereto £ 

^ans. such as a clutrh , " transmission 

T ^sc cappin 1 *° ^ i,s 
cat-onc arc de S^ ?' SUCt,0n reCOVer V °P- 

<lci..cd occranon .1 ! 6 Pos,tion are a. the 

respond™. ,o I-TT ^ any ° f theiV C0 - 

5005 An~y o nese aCti ° n °' *» tead 

10 »s-an: e.^ r !!„ t ° Perati0nS * a eP' ica b<e 

*'od «>«.,*,„ rf Pr ° V,ded that the da - 
tmunj 66 perf °rmed W i, h a known 

•o^.^iss <rr ,he present invent - *- 

, X "* ,6t in which the difference 
"»"*»■ M*:„ rtenSity ° f ,ne •* absorbing 
con S o,np,,onTs o , o r mP,i ° n " d ** afte ' «* 
(0.0,. and par, i ,e r° , abSOrbance 

composed ol a °L ' nk tank housin 9 is 

amount ol ,nk , J, member " T b"s. the 

^JltlZT^T ink ,ank can be 

simple, mcxpen , ve Zl oTS T*' S ° that a 
0' remade, r* can te Z^ ™" 9 ■ nount 

remaXnTamountd? ° f Sens " as a 

amount S ft. 

P'ayed as an analog patn 3nd dis " 

^"ZZZZnr™™ ° f the ° b *»' 

-ce the .klnk Z^SZ** a ^'e. 
structure d not have a special 

< e tai h :„ h p, s;: c r;rr a ! been - 

« will now be S c t P 6rred emb °d^ents, and 
be made XTcienTT* modi,ica «°ns may 
loader aspects and S " inVention in * 
tbe appendSlait ^eV a TS' J"** 
modificahons as fall S ? f C " Cnan 9 es and 
invention. ,h ' n ,ne true spirit of the 

in* ^r^T^^ M « i-erted in an 
t'ansparen, Son U^rl 91 ' 6aSt ^ nas a 
member ,„ '1 35 ink abso 'bin 9 
a"- ink r'emo , Xh H " 
density of a meLZf / ° Se t0 the Action 
The amoun, of i e l ° am - * 
a construction J"d So f ^ 
separate li„ e sensor no, r l ' eXamp ' e ' b * a 
by «he line sensor ( On « h"*"" °' deteCtion 
raining i nk *Z Z.cZ^TT * 3 
-tro,p anel(5))ofthe d -^ ^o„a 



16 



Claims 



20 



5 Portion, and an ink absorb 9 ,rans P ar ent 

-dated in * £S?Z^^ 
member being such that -Sf absorb 'ng 
i«s reflection densitv ht 6006 between 

™ * ' nk C ° nsum P«on 

2 ' '2dtr a :rt^r , ' ch --- 

Porous material b ' ng mer,1 ber is a 

" network IT ^ a tb --di m ensiona, 

based on a condensate of f erm ° Settin 9 'earn 
compound with ^ ^«on* 9 
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acid amides, teyZT*Z ^ Carboxy,ic 
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5 - ^ ink tank as claimed in claim 1 , 
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ting ink. 

9. An ink jet printing apparatus, characterized in 
that comprising: 

an ink lank including a housing at least 5 
partly having a transparent portion, and an ink 
absorbing member accommodated in the 
housing, said ink absorbing member being 
such that a difference between its reflection 
density before ink consumption and its reflec- w 
tion density after ink consumption is 0.1 or 
more in terms of absorbance (O.D.), 

remaining ink amount detection means for 
detecting the amount of ink remaining within 
the ink absorbing member through the trans- 75 
parent portion of the housing of the ink tank, 
and 

means of presenting information corre- 
sponding to data on the amount of remaining 
ink provided by the remaining ink amount de- 20 
tection means. 

10. An ink jet printing apparatus, characterized by 
comprising: 

a head cartridge constructed of an ink tank 25 
and an ink head integrated with said ink tank 
and being attachable to and detachable from 
the ink jet printing apparatus, 

said ink tank including a housing at least 
partly having a transparent portion, and an ink 30 
absorbing member accommodated in the 
housing, said ink absorbing member being 
such that a difference between its reflection 
density before ink consumption and its reflec- 
tion density after ink consumption is 0.1 or 35 
more in terms of absorbance (O.D.), and 

said ink head being adapted to eject ink to 
a printing medium; 

remaining ink amount detection means for 
detecting the amount of ink remaining within 40 
the ink absorbing member through the trans- 
parent portion of the housing of the ink tank; 
and 

means of presenting information corre- 
sponding to data on the amount of remaining 45 
ink provided by the remaining ink amount de- 
tection means. 

11. An ink jet printing apparatus as claimed in 
claim 9 or 10, characterized in that said re- so 
maining ink amount detection means is optical 
means for measuring the absorbance of ink. 

12. An ink jet printing apparatus as claimed in 
claim 9 or 10, characterized in that the trans- 55 
parent portion of said ink tank is formed along 

a direction which becomes the direction of 
gravity during the use of the ink tank, and the 
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optical remaining ink detection means is a line 
sensor which detects the amount of remaining 
ink through all of the transparent portion of 
said ink tank. 

13. An ink jet printing apparatus as claimed in 
claim 9 or 1 0, characterized in that said optical 
remaining ink detection means is a spot sensor 
which detects the amount of remaining ink 
through part of the transparent portion of said 
ink tank. 

14. An ink jet printing apparatus as claimed in 
claim 9 or 1 0, characterized in that at least part 
of an ink supply portion extending from said 
ink tank to said ink head is formed to be 
transparent, and said optical remaining ink de- 
tection means is a spot sensor which detects 
the amount of remaining ink through the trans- 
parent portion of said ink supply portion. 

15. An ink jet printing apparatus as claimed in 
claim 12, characterized in that said optical re- 
maining ink detection means detects the 
amount of remaining ink over time, and said 
information presentation means displays the 
amount of remaining ink in response to data on 
the amount of remaining ink detected over 
time by said optical remaining ink detection 
means. 

16. An ink jet printing apparatus as claimed in 
claim 13, characterized in that said information 
presentation means displays the exhaustion of 
ink in response to data on the amount of 
remaining ink detected by said optical remain- 
ing ink detection means. 

17. An ink jet printing apparatus as claimed in any 
one of claims 9 to 16, characterized in that 
said optical remaining ink detection means is 
equipped with a color filter corresponding to 
the color of ink within said ink tank. 

18. An ink jet printing apparatus, characterized by 
comprising an absorbing member holding ink, 
means for optically detecting over time the 
amount of ink remaining in the absorbing 
member, and means for varying the ink ejec- 
tion conditions in response to changes in the 
characteristics of said ink absorbing member 
caused in accordance with data on the amount 
of remaining ink detected over time by said 
optical remaining ink detection means. 

19. An ink jet printing apparatus as claimed in 
claim 18, characterized in that the ejection 
conditions are the head driving conditions such 
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as voltage or pulse duration. 



20 ' claim ^r"" 9 aPPafa,US aS c,ai ™* ^ 
cam 18, characterized in that the ei^r,™ 

conditions use an bating heat ' ? " 

2t * cTaim k ,f P h rin,i " 9 aPPar3tUS as c,ai ^d in 
claim 18, characterized in that th« ^ »• 

conditions are varied byi nclLTthe h i nk ej :r 
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FIG. 3 
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© Ink supply in an ink j t printing apparatus. 

© An ink absorbing member (11) is inserted in an 
ink tank housing (12) which at least partly has a 
transparent portion. Used as this ink absorbing 
member (11) is one having a reflection density after 
ink removal which is close to the reflection density of 



a melamine foam before ink injection. The amount of 
ink remaining in a cartridge of such a construction 
can be detected, for example, by a separate line 
sensor (101). The results of detection by the line 
sensor (101) can be displayed by a remaining ink 
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